A view of the molecule of (I) shown with 40% probability displacement ellipsoids. Selected H atoms are shown as small spheres of arbitrary radii and the remainder have been omitted for clarity.
, adopt a monocapped trigonal prism geometry in which the two tea ligands exhibit different coordination modes to achieve seven-coordination. One tea ligand acts as a tetradentate ligand using all its donor atoms, while the other behaves as a tridentate O,N,O H -donor ligand, with one of its ethanol groups remaining uncoordinated. The H atoms of the free and coordinated hydroxyl groups of the tea ligands are involved in hydrogen bonding with the amine N atom, and with the carbonyl and sulfonyl O atoms of neighbouring sac ions, forming an in®nite three-dimensional network. A weak %±% interaction between the phenyl rings of the sac ions also occurs.
Comment
Triethanolamine (tea) is an amino alcohol used in a number of commercial applications, such as herbicides, surface-active agents, corrosion inhibitors and cement additives (Esker et al., 1999) . Because of its double action as both a tertiary amine and a primary alcohol, tea readily coordinates to metal ions to form complexes and also stabilizes the anions by hydrogen bonding (Sen & Dotson, 1970; Brannon et al., 1971; Bajaj & Poonia, 1988) . As part of our research effort on the preparation and spectral, thermal and structural characterization of transition metal complexes of tea (Icbudak et al., 1995; Yilmaz et al., 1997; Topcu et al., 2001a) , we report here the structural characterization of the rather unusual seven-coordinate title compounds, (I) and (II) .
The aim of the present work was to prepare a series of mixed-ligand complexes containing both tea and sac ligands. However, it was observed that the bulky and polydentate tea ligand coordinates to the metal ions completely and does not leave any site available for the coordination of sac (Topcu et al., 2001b) . Therefore, the sac ions are present as counter-ions in metal complexes with tea.
The structures of [Cd(tea) 2 ](sac) 2 , (I), and [Hg(tea) 2 ](sac) 2 , (II), are shown in Figs. 1 and 2, respectively. Tables 1 to 4 list their bond and hydrogen-bonding geometries. The structures resemble each other and consist of a complex cation and two sac ions. In the complex cation, two neutral tea ligands coordinate to the Cd II or Hg II ions. The two tea ligands exhibit different coordination modes in the same coordination polyhedron. One of them is coordinated to the central metal ion as a tetradentate ligand using all its donor atoms, i.e. the amino N atom and all three hydroxyl O atoms, while the other is bonded to the metal ion tridentately through its N atom and two hydroxyl O atoms, one hydroxyl O atom being noncoordinated. A similar inequivalency of two tea ligands coordinated to the Mn II ion in a distorted pentagonal bipyramidal geometry has been reported for the [Mn(tea) 2 ](CF 3 COO) 2 complex (Andruh et al., 1993) . A coordination polyhedron containing the same ligand with two different coordination modes was also reported for the monoethanolamine complex of the Cu II ion (Bombicz et al., 1997) .
The tri-and tetradentate coordinations of the two tea ligands result in a coordination number of seven for the metal ion, which is relatively rare for Cd II and unusual for Hg II , since Cd II and Hg II usually possess octahedral as well as tetrahedral geometry (Holloway & Melnik, 1995) . Although eight-coordinate Sr II (Naiini et al., 1995; Poonia et al., 1999) and Y III (Naiini et al., 1995) complexes containing two tetradentate tea ligands have recently been reported, only one Cd II complex with eight-coordination, viz. [Cd(tea) 2 ](NO 3 ) 2 , has been reported in the literature to date (Naiini et al., 1995) . It should be noted that the tea complexes of Cd II reported in this paper and in the literature have different coordination numbers and geometries. This may be attributed to the presence of different counter-ions, such as nitrate or saccharinate.
The seven-coordinate geometry around the Cd II and Hg II ions in (I) and (II) is described as a monocapped trigonal prism (C 2v ). The dihedral angles between the least-squares planes are as follows for (I) and (II), respectively: 53.2 (1) and 46.0 (1) between O2/O3/O4/O5 (plane 1) and O2/N1/O1/O5 (plane 2), 50.8 (1) and 51.2 (1) between O3/O4/O1/N1 (plane 3) and plane 1, and 76.0 (1) and 82.9 (2) between planes 2 and 3. The dihedral angle between two triangular planes, O2/O3/ N1 and O5/O4/O1, is only 8.5 (1) for (I) and 12.4 (4) for (II). The dihedral angles between these triangular and square planes are in the range 83.6 (1)±87.5 (1) for (I) and 73.6 (2)± 85.9 (2) for (II). The central Cd II and Hg II ions are located 0.362 (1) and 0.378 (1) A Ê , respectively, from plane 1.
All the ethylene C atoms (C1±C6) of the tetradentately coordinated tea ligand and the free hydroxyl O atom (O6) of the tridentate tea ligand in (I) are noticeably disordered over two positions, with occupancies of 31 (1) and 69 (1)% for the C atoms, and 56 (1) and 44 (1)% for atom O6. In addition, atom O1 in (II) is slightly disordered; this disorder was not resolved.
The MÐN bond distances are 2.375 (2) and 2.392 (2) A Ê for (I), and 2.234 (5) and 2.239 (5) A Ê for (II). The MÐO bonds are in the range 2.327 (2)±2.415 (2) A Ê for (I) and 2.468 (5)± 2.730 (5) A Ê for (II). The bond lengths in (I) are somewhat shorter than those of the eight-coordinate Cd II complex with tea (Naiini et al., 1995) .
Both sac ions are essentially planar, with r.m.s. deviations of 0.0057 and 0.0292 A Ê in (I), and 0.023 and 0.024 A Ê in (II). In both complexes, the sac ions adopt a parallel alignment, and the dihedral angles between the corresponding planes are 3.5 (1) and 1.1 (1) for (I) and (II), respectively. Thus, the phenyl rings are approximately superimposed on each other and are connected by weak %±% interactions of 4.166 (1) A Ê in (I) and 4.038 (1) A Ê in (II).
The crystals of the two complexes feature numerous hydrogen bonds ( Figs. 3 and 4) . The H atoms of the free and A view of the molecule of (II) shown with 40% probability displacement ellipsoids. Selected H atoms are shown as small spheres of arbitrary radii and the remainder have been omitted for clarity. coordinated hydroxyl H atoms of the tea ligands are involved in intermolecular hydrogen bonding with the negatively charged amine N atoms and the carbonyl and sulfonyl O atoms of neighbouring sac ions. An extensive network of hydrogen bonds and other intermolecular interactions maintains the crystal structure by forming an in®nite threedimensional lattice.
Experimental
The preparation and spectral characterization of tea complexes of ®rst-row divalent transition metal saccharinates, including the present Cd II and Hg II saccharinates, have been reported elsewhere by Topcu et al. (2001b) . The polycrystalline solid complexes (I) and (II) were crystallized from solutions in methanol±propan-2-ol (1:1, v/v) at room temperature in order to obtain suitable single crystals for X-ray analysis.
Compound (I)
Crystal data [Cd(C 6 H 15 Symmetry codes: (i) ÀxY ÀyY À1 À z; (ii) xY yY 1 z; (iii) ÀxY 1 À yY 1 À z.
Figure 4
A packing diagram for (II).
Re®nement
Re®nement on F 2 R[F 2 > 2'(F 2 )] = 0.050 wR(F 2 ) = 0.159 S = 0.99 11 091 re¯ections 412 parameters H-atom parameters constrained w = 1/[' 2 (F o 2 ) + (0.0765P) 2 ] where P = (F o 2 + 2F c 2 )/3 (Á/') max = 0.001 Á& max = 1.94 e A Ê À3 Á& min = À3.76 e A Ê À3
The hydroxyl H atoms were located from a difference map for (II) and were geometrically positioned for (I). All hydroxyl H atoms were re®ned with a rotating model, with U iso values 1.5 times those of the attached O atoms, while the other H atoms were placed in calculated positions and re®ned with a riding model, with U iso values 1.2 times those of the attached atoms.
For both compounds, data collection: MSC/AFC Diffractometer Control Software (Molecular Structure Corporation, 1994); cell re®nement: MSC/AFC Diffractometer Control Software; data reduction: TEXSAN (Molecular Structure Corporation, 1997); program(s) used to solve structure: SIR97 (Altomare et al., 1999) ; program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: ORTEP-3 (Farrugia, 1997) and PLATON (Spek, 2000) ; software used to prepare material for publication: SHELXL97. Hydrogen-bonding geometry (A Ê , ) for (II). Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x (14) 0.4318 (2) 0.0408 (4) (7) C25-H25 0.9300 C5A-H5A1 0.9700 S1-O8 1.432 (2) C5A-H5A2 0.9700 S1-O9 1.447 (2) C6A-H6A1 0.9700 S1-N3 1.619 (3) C6A-H6A2 0.9700 S1-C19 1.758 (3) 108.5 C25-C26-S2 130.1 (2) H4A1-C4A-H4A2 107.5 O8-S1-O9 114.72 (14) N1-C5A-C6A 114.0 (5) O8-S1-N3 111.56 (15) N1-C5A-H5A1 108.8 O9-S1-N3 110.80 (14) C6A-C5A-H5A1 108.8 O8-S1-C19 112.76 (14) N1-C5A-H5A2 108.8 O9-S1-C19 108.56 (13)
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C6A-C5A-H5A2 108.8 N3-S1-C19 97.04 (12) H5A1-C5A-H5A2 107.6 C13-N3-S1 111.34 (19) O3-C6A-C5A 106.4 (8) O7-C13-N3 123.7 (3) O3-C6A-H6A1 110.5 O7-C13-C14 122.9 (2) C5A-C6A-H6A1 110.5 N3-C13-C14 113.4 (2) O3-C6A-H6A2 110.5 C19-C14-C15 120.1 (2) C5A-C6A-H6A2 110.5 C19-C14-C13 110.9 (2) H6A1-C6A-H6A2 108.6 C15-C14-C13 129.0 (2) N1-C1B-C2B 111. 109.0 C14-C19-S1 107.26 (19) C4B-C3B-H3B1 109.0 C18-C19-S1 129.8 (2) N1-C3B-H3B2 109.0 O4-Cd1-N2-C7 17.88 (16) C1B-N1-C3A-C4A 150.0 (12) O5-Cd1-N2-C7 125.88 (17) C5A-N1-C3A-C4A −83.2 (14) O1-Cd1-N2-C7 80.41 (18) C1A-N1-C3A-C4A 162.5 (9) O2-Cd1-N2-C7 −153.02 (16) C3B-N1-C3A-C4A −47.6 (5) N1-Cd1-N2-C7 −91.4 (2) Cd1-N1-C3A-C4A 41.4 (13) O3-Cd1-N2-C7 −62.85 (16) C4B-O2-C4A-C3A −61.3 (9) O4-Cd1-N2-C11 136.77 (18) Cd1-O2-C4A-C3A 25.4 (12) O5-Cd1-N2-C11 −115.23 (17) N1-C3A-C4A-O2 −46.0 (16) O1-Cd1-N2-C11 −160.69 (15) C5B-N1-C5A-C6A −61.9 (9) O2-Cd1-N2-C11 −34.13 (17) C3A-N1-C5A-C6A 143.8 (9)
87.05 (17) Cd1-O3-C6A-C5A 60.6 (9) N1-Cd1-N2-C9 148.63 (18) N1-C5A-C6A-O3 −55.4 (14) O3-Cd1-N2-C9 177.23 (17) C5B-N1-C1B-C2B 79.7 (5) O4-Cd1-O1-C2B −94.7 (3) C3A-N1-C1B-C2B −147.5 (7) O5-Cd1-O1-C2B 159.7 (3) C5A-N1-C1B-C2B 98.1 (6) N2-Cd1-O1-C2B −154.7 (3) C1A-N1-C1B-C2B 51.8 (7) O2-Cd1-O1-C2B 85.2 (3) C3B-N1-C1B-C2B −156.0 (4) N1-Cd1-O1-C2B 21.6 (3) Cd1-N1-C1B-C2B −39.0 (4) (triethanolamine)-κ 3 O,N,O′;κ 4 O,N,O′,O′′-mercury(II) 1,2-bensisothiazol-3(2H)-onate 1,1- Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 0.062 (6) 0.083 (7) 0.036 (4) −0.029 (5) 0.025 (4) −0.007 (4) C17 0.046 (5) 0.081 (7) 0.058 ( Hg1-O5 2.497 (6) C11-H11A 0.9700 O1-C2 1.380 (11) C11-H11B 0.9700 O1-H1 0.8407 C12-H12A 0.9700 O2-C4 1.393 (9) C12-H12B 0.9700 O2-H2 0.8563 S1-O8 1.437 (6) O3-C6 1.408 (11) S1-O9 1.439 (6) O3-H3 0.8535 S1-N3 1.607 (7) O4-C8 1.416 (10) S1-C19 1.749 (7) 
(II) bis

